In the work, the problems of proper and forced oscillations of dissipative mechanical systems, consisting of rigid and deformable bodies are solved. To quantify the dissipative properties of the system, two values are proposed: the minimum resonance frequency of natural oscillations and the maximum resonant amplitude. In the study of the problem of dissipative inhomogeneous mechanical systems, a nonmonotonic dependence of the damping coefficients on the parameters of the system was observed. The concepts are derived Global damping factor, which characterizes the Damping properties of the dissipative mechanical system as a whole.
Introduction
The use of damping vibrations of dynamic viscoelastic mechanical systems with different rheological properties, for all the studies of the problem [1] [2] , is rarely considered in the scientific literature. At the same time, modern machine building is characterized by a wide use of polymeric and metallic materials with various viscoelastic properties [3] [4] [5] [6] . A mechanical system, consisting of rigid and deformable bodies, connected to each other and to a base by deformable (elastic or viscoelastic) elements, is studied.
Statement of the Problem and Methods of Solution
Let us consider a composite structure occupying a volume ω -real constants. Further, applying the freezing procedure, which has been widely studied [7] , to the place (1), we can obtain approximate relations: 
Physical relationships for deformable elements of zero volume
where l ∆ -lengthening this element; e C -instant stiffness of the massless element. When posing the problem of proper and forced oscillations of a dissipative mechanical system, consisting of rigid and deformable bodies, the principle of possible displacements is used, according to which the sum of all active forces, acting on the system, including inertia forces, is zero:
0.
where, If the dissipative mechanical system consists of deformable bodies, then instead of (2a) the uniform equations of the movetion are used:
and boundary conditions 0 at ,
were i, j, k = 1, 2, 3; : 0
We consider a construction with a finite number of degrees of freedom, consisting of a finite number of material points and absolutely rigid bodies, connected by massless viscoelastic elements. If the rheological characteristics of the elements are the same, then this system is a finite-dimensional model of a dissipative homogeneous system, under various rheological characteristics of the elements, the system under consideration simulates a dissipative inhomogeneous system with a finite number of degrees of freedom. If some elements of the mechanical system are deformed, then the designs represent a system with distributed parameters. For natural oscillations, it is necessary to determine the natu-ral frequencies and damping coefficients of the natural oscillations. The Lagrange equations for the system under consideration have the form:
were jk а -symmetric positive definite matrix of generalized masses; k q -generalized coordinates; n-number of degrees of freedom; jk с  -a symmetric matrix whose elements are the operator:
here с jk -elements of a symmetric positive definite matrix of instantaneous generalized rigidities; R jk -elements of a nonnegatively definite matrix of generalized relaxation kernels. For a homogeneous system (all elements are made of a single viscoelastic material and described by the same relaxation nuclei, but different instantaneous stiffnesses due to different sizes), all the relaxation nuclei (7) are the same. Consequently, the matrix of generalized operator stiffnesses is a positive definite real number matrix, multiplied by the operator scalar.
Thus, in normal coordinates к θ the elastic system (6) takes the form
were, к Ω -natural oscillation frequency of the elastic system. The system (8) splits into separate equations, that from the mechanical point vision, means the independence of the variation of various normal coordinates with free oscillations. For an inhomogeneous system (its deformable elements have different rheological characteristics, in particular, some of them may be elastic), the operator coefficients jk с  in (6) is the sum of two matrices-the numerical and the operator matrix:
Three symmetric matrices , , jk jk jk а R с can not, in the general case, be reduced to a diagonal form by a single no degenerate transformation; therefore, for a dissipative inhomogeneous system of Lagrange's equation in normal coordinates к θ does not decay, but takes the form:
were kj Θ -symmetric positive definite matrix of generalized relaxation kernels in the normal coordinates of the elastic problem. The difference between systems (8) and (9) can be interpreted as a fact of the mutual influence of the normal coordinates of a dissipative inhomogeneous system with free oscillations. This mutual influence, which, as a rule, is neglected, can be of fundamental importance. The problems of the natural oscillations of the system, described by Equations (6), can be solved in the following way. We replace the operators jk с in (6), by complex generalized rigidities:
A particular solution of system (6) 
The roots of Equation (11) can be determined by the method of Mueller assuming the eigenfrequencies of the elastic problem as the initial approximation.
The left-hand side of Equation (11) is calculated at each iteration by the method of Gauss with the separation of the principal element. Thus, to solve equation (11) we do not need to disclose the determinant on the left-hand side of.
As an example, consider a system with two degrees of freedom, consisting of 
The boundary conditions of the problem have the form: The problem (12)- (13) with a finite number of degrees of freedom.
Forced Oscillations of Dissipative Mechanical Systems
For a system with a finite number of degrees of freedom, the variational problem (2a) reduces to a system of linear Lagrange equations of the second kind with complex generalized rigidity:
where
a -components of the real symmetric matrix of generalized masses; k q -complex generalized coordinates; j f -complex amplitudes of generalized forces; λ -actual frequency of external influences. The solution of the problem of forced oscillations of system (16) is sought in the form:
where j A desired complex amplitudes. The problem of forced oscillations, reduces to solving an inhomogeneous algebraic system:
the solution, which is carried out in the Gauss method. In the presence of a medium of deformable elements of a system of at least one with a distributed mass, the number of its degrees of freedom becomes infinite (countable). In this paper we propose two approaches to solving an infinite-dimensional version of the variational problem (2a). The first approach reduces to constructing an infinite system of Lagrange equations of the second kind, which after truncation turns into a finite system of the form (16). As the generalized coordinates, the components of the displacements of the centers of mass of rigid bodies, and their small angles of rotation with respect to the coordinate axes (or principal directions of inertia) are taken, as well as, the components of the expansion of the displacements of the massive deformable elements from their elastic self-oscillations (here we mean the eigenmodes of the vibrations of an elastic isolated deformable element). In this case the variational problem (2a) reduces to a system of partial differential equations, which has been widely studied [10] : 
The first root is known 0 λ = , so you need to start looking for the second one. As an example, we consider a system with two degrees of freedom ( Figure   3 ) , which has been widely studied [11] . The values are accepted, the other parameters coincide with those adopted in the second task. Two variants of me- In a dissipative homogeneous system, the role of the global resonant amplitude is fulfilled for all values of the parameter by the first resonance amplitude.
In a dissipative inhomogeneous system, both the first and second resonant amplitudes act as the GRA in terms of the magnitude of the parameter. "Change of roles" also occurs in the case of a global damping factor А δ with a characteristic value of the parameter at which the real parts of the natural frequencies are closest.
At this value of the parameter, the global resonant amplitude (GRA) is minimal and, consequently, the dissipative processes in the system proceed most intensively, and the global damping coefficient has a pronounced maximum.
This effect is a continuation of the effect of Troyanovsky-Safarov. To clarify the physical nature of the detected effect, we write the equations of motion of a system with n degrees of freedom. In the case of a homogeneous system, all the relaxation nuclei ij R is the same: ij R R = , since the matrix of generalized complex rigidity ij с is a positive definite real matrix ij с , multiplied by a complex scalar:
( ) ( ) where Ω -complex own frequency of elastic system; n Ψ -generalized force corresponding to n th normal coordinate. The system (21) is divided into n separate equations. This means that, the motion of a mechanical viscoelastic system is a superposition of independent normal vibrations decay, and the forced ones widely studied [12] [13] [14] . Each motion of an inhomogeneous system is a superposition of interacting oscillations of several normal coordinates, and this interaction of different normal coordinates, the most intense at close natural frequencies, leads to an intensification of the dissipative processes in the system.
